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March 30, 1969

Hon. James D. Driscoll

_ Chief Clerk of the Assembly

State Capitol
Sacramento, California

Dear Mr. Driscoll:

GORDON €, LUCE
Socretary

MARC SANDSTROM
Assislant Secrelary

MERRITT E. VAN SANT
Assistant Sacretary .

Pursuant to the provisions of House Resolution
No. 203 (Bear - 1968), I am transmitting a
report entitled "A Preliminary Investigation
to Determine the Safety and Economic Benefits

of Water-filled Tube Barriers."

//

Sincerely,

GORDON Cc. LUCE, Secreta y of
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1968 Legislative Session

HOUSE RESOLUTION NO. 203
Relating to Water-Filled Safety Devices for

Vehicles and Freeways

Resolved by the Assembly of the State of California,
that the Transportation Agency, in cooperation with the
Department of General Services, is requested to conduct an
investigation concerning the safety and éCOnémic benefits of
water-filled bumpers for vehicles and water-filled barriers
for obstacles adjacent to freeways, with reference to be made,
to the greatest extent possible, to research efforts being
done by other agencies concerning these subjects; and be it
further Resolved, That the Transportation Agency, in coopera-
tion with the Department of General Services, is requested to
prepare and submit a preliminary report to the Legislature no
later than March 30, 1969, concerning the results of the
investigation conducted, including in its report the feasibility

of putting water-filled bumpers on State-owned vehicles.
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I. INTRODUCTION

During the 1968 session of the lLegislature, the Assembly
passed House Resolution No. 203. This resolution requested, in
part, that the Transportation Agency conduct an investigation
concerning the safety and economic benefits of water-filled tube
barriers for obstacles adjacent to freeways. Reference was to be
made, to the greatest extent possible, to research efforts
accomplished by other agencies. Consequently, this report con-
siders the results of all the research on water-filled tubes
accomplished to date by the manufacturer, John Rich Enterprises,
Incorporated, of Sacramento, California; Brigham Young University;
and the Materials and Research Department of the California
Division of Highways.

In 1967 the Division of Highways initiated a research
project to find an effective energy absorbing system. As a part
of this project, full scale testing of a barrier incorporating
water-filled tubes was performed. This research project was
started because of concern about the increasing incidence and the
relative severity of accidents involving errant vehicles impacting
fixed objects located adjacent to the roadway.

The following criteria were tentatively established to
judge the effectiveness and feasibility of various energy
absorbing barrier designs. Effective energy absorbing barriers
should impart tolerable decelerations to an impacting vehicle,
When head-on impact into the barrier occurs at 60 mph or less,
the vehicle should be stopped without sustaining an average
decelerating force (highest 40 milliseconds) of more than 12 G's.
An energy absorbing barrier should be at least as effective as
California's current anchored "W" beam guardrail in redirecting
a vehicle that collides at an obligue angle with the side of the
barrier. Initial construction costs and maintenance costs should
be kept to a minimum consistent with safety and aesthetic require-
ments. Because of the hazards caused by maintenance, the damage
to the barrier and the time required to repair it should be kept
to a minimum. The barrier should also be designed such that no
parts will be dislodged and ejected into the traveled way upon
impact.

The water~filled tube concept consists of absorbing
energy through the lateral and vertical displacement of a
containerized mass of water. Initial developmental work on this
concept by the developer and subsequent tests at Brigham Young
University indicated that a barrier incorporating this method of
energy absorption could be designed to satisfy the aforementioned
tentative criteria.

wiaw fastio.com - ) B
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Although many different energy absorbing barrier concepts
were considered, the water-filled tube concept was the most
promising concept that was not already the subject of an exhaustive
research effort by this or other research groups at that time.
Consequently, the Division of Highways contacted the manufacturer,
John Rich Enterprises, Incorporated, of Sacramento, in the fall of
1967 and plans were made for a series of full scale tests on barrier
designs that incorporated the water-filled tube concept. Numerous
discussions were held with members of the manufacturer's engineering
staff during the development and testing of the barrier. The
results of four tests conducted by the Division of Highways to date
are summarized in the Appendix of this report and comments are
offered in the discussion portion of this report.

This report also discusses further developmental tests
performed by the manufacturer that began in the fall of 1968 and
future tests planned by the Division of Highways for the late
spring and summer of 19269. -
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ITI.  OBJECTIVE

The objective of this study, in response to
House Resolution No. 203, was to conduct an investiga-~
tion of thé safety and economic benefits of water-filled
tube barriers for obstacles adjacent to freeways, with
reference made, to the greatest extent possible, to
research efforts by other agencies.
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IIT. CONCLUSIONS

The water-filled plastic tube barrier concept
has a very good possibility of fulfilling the safety and
economic requirements of an effective energy absorbing
barrier. It appears that a significant reduction in
accident severity may be effected through the use of this
system at vulnerable highway fixed object locations.
However, further testing, now scheduled by the Division
of Highways for the late spring and summer months of 1969,
must be completed before an accurate appraisal of the
safety aspects of this concept can be made. Operational
experience from a limited number of trial installations
would then be required to fully assess the economic
benefits that might be realized by the adoption of this
concept for use on freeways in California.
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Vehicular deceleration was relatively smooth. The maximum
penetration of the test vehicle into the barrier was

5 feet., The final post impact position of the leading
edge of the barrier was 4'-1" behind its original, pre-
impact location. There was a slight rise (2 inches)
imparted to the front of the vehicle immediately after
impact.

No damage was sustained by either the vehicle or the
barrier. No injury producing forces were sustained by the
dummy. The steering wheel of the test vehicle sustained
no permanent deformation.

Test No., 212. See Exhibit 3 for a summary of the test results.

This second test was conducted to observe the impact
severity when the barrier was struck head-on at a speed. of
approximately 30 mph. The same barrier employed on the
previous test was used for this test.

Deceleration was not as smooth as that experienced during
the 15 mph test. The maximum vehicular penetration into
the barrier was 8'~-4". The post-impact position of the
leading edge of the barrier was 6'-6" behind its original,
pre-impact location. The front of the test vehicle rose
9" during the collision.

Although the damage sustained by the barrier was considered
minor, the vehicular damage was moderate (see Exhibit 6).
The unrestrained dummy, located in the driver's seat of the
vehicle, struck the steering wheel with sufficient force
to impart a permanent deformation of 2-1/4" thereto (see
Exhibit 7).

Test No. 213. See Exhibit 4 for a summary of the test results.

www . fastio.com

This third test was conducted to determine the barrier's
effectiveness when impacted head-on at a speed of approxi-
mately 50 mph. The barrier used for the earlier tests

(211 and 212) was modified for this test. The shape of the
barrier nose was changed, some of the tubes were replaced
with tubes containing water in only their upper half, and
the number of orifices in the tubes in the rear of the
barrier was increased. The barrier nose was 6 inches wide.
These modifications were mutually agreed upon by researchers
from the manufacturer and the State. The rear of the
barrier remained 8'-0" wide and the length was increased

to 16'-5". '

Deceleration was more severe than that observed during the
30 mph test (212). The maximum vehicular penetration into
the barrier was 12'-5"., The post-impact position of the

leading edge of the barrier was 6'-2" behind its original

pre-impact location. The vehicle rose 11 inches and rode
up on the barrier nose. This vehicular rise accounts for
the large difference between total wvehicular penetration
and barrier displacement.
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Minor barrier damage was again sustained. Vehicular damage,
however, was considered severe (see Exhibit 6). The dummy,
restrained for this test with both a lap belt and a single
diagonal shoulder harness, again struck the steering wheel
- and imparted a permanent deformation of 2-1/2" thereto (see
Exhibit 7). . ‘ ' '

Test No. 214. See Exhibit 5 for a summary of the test results.
Because of the characteristics observed in vehicular damage
sustained during Test 213, additional barrier alterations
were mutually agreed upon and accomplished before the fourth
test was conducted head-on at an impact speed of 60 mph.

The three leading diaphragms were replaced with lighter,
stronger structures and small diaphragms were inserted
- between the tubes located between the two leading diaphragms.
The barrier nose was- 2'-0" wide and the rear remained 8'-0"
"wide. The over-all barrier length was 16'-2",

Deceleration was fairly smooth until the barrier "bottomed
out”. The vehicle then twisted longitudinally and the front
end rose more than 6 ft. as the nose of the barrier was
doubled back on the body of the barrier. Much of the
vehicular rise took place after the cable that provided
véertical and lateral restraint for the barrier came loose

-at the front anchor. The maximum vehicular penetration was
13'-8", The post-impact position of the leading edge of

the barrier was only 3'-2" behind its original, pre-impact
location. The displacement of the barrier, up and back as
the vehicular rise took place, accounts for the large differ-~
ence between the vehicular penetration and the displacement
of the barrier nose. '

The barrier damage sustained for this test was moderate,

but the vehicular damage was very severe (see Exhibit 6).
‘The dummy, again restrained with both a lap belt and a single

diagonal shoulder harness, impacted the steering wheel with

sufficient force to impact a permanent deformation of 3-3/4"
‘'to it (see Exhibit 7).

The ‘barrier performance during the second, third, and fourth
‘tests by the Division of Highways was much less favorable than
anticipated or desired. Consequently, it was decided that any
further testing would be contingent on the results of a compre-
hensive analysis of the data obtained from these four completed
tests. Although no full-scale tests were conducted at obligue
angles with the side or nose of the barrier, they were planned
and are still judged necessary before a complete evaluation of
the effectiveness of this barrier can be made.

D. Recent Tésts by the Manufacturer

While analysis of the Division of Highways' tests was in progress,
the manufacturer of the plastic water-filled tubes established a
test site near Sacramento and began a series of full-scale
developmental tests on composite barriers incorporating their
water-filled tubes. This test series by the manufacturer, begun

ClibPD www fastio.com
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in the fall of 1968, has consisted of more than 26 tests to
date and is still in progress. Ten of these tests were
condiucted with impact on the side of the barrier and the
remainder with impact into the barrier nose, either at a 10°
angle with the barrier axis or on the barrier axis. Repre-
sentatives of the Division of Highways were invited to, and
did witness, many of these recent tests. Although the instru-
mentation utilized for this testing was not as sophisticated
as that used in the Division of Highways' tests, the over-all
performance of the barrier could be appraised with a fair
degree of accuracy. As the manufacturer's test series has
progressed, it has been apparent that many of the barrier
deficiencies noted during the four Division of Highways' tests
and during the current tests are being progressively corrected.
Definite dynamic response and economic improvements are being
incorporated into the designs and are being tested by the

manufacturer.

Future Testing

It now appears that, based on the observations of the manu-
facturer's recent tests, additional testing of the water-filled
tube barrier is warranted by the Division of Highways. Both
head-on and obligue angle impacts utilizing the relatively
heavy retired CHP sedans are planned. A new test barrier that
incorporates all the desirable features developed and tested
to date is currently being designed by the manufacturer. This
revised barrier will likely provide satisfactory energy
absorbing capabilities for both head-on and oblique angle
impacts. These additional tests by the Division of Highways
will be started in May 1969,

Summarz

' The results of the initial developmental tests of the water-

filled tube concept by the manufacturer and by Brigham Young
University indicated that a barrier incorporating this

feature could satisfy the criteria used to define an effective
energy absorbing system. However, the results of a series of
four tests conducted by the Division of Highways were less
favorable than anticipated or desired. Recent testing of
design modifications by the manufacturer have, based on
observations of this testing, resulted in an improved barrier
design, Consequently, further testing of the water-filled

-tube concept by the Division of Highways, in cooperation with

the Bureau of Public Roads, is now scheduled for the late
spring and summer months of 1969, The over—all feasibility
of adopting this concept for California's freeways from a
gsafety standpoint is contingent on the results of these
approaching tests, plus considerable research now in progress
on other energy absorbing concepts by other agencies. If the
results of the testing indicate that barriers incorporating
the water—-filled tube concept can safely decelerate and
redirect an errant vehicle, trial installations will be
recommended. The relative economic benefits that might be
realized with the use of this concept will then become
apparent.
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Exhibit 3

TEST 212
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TEST 213

‘Exhibit 4
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Exhibit 5

TEST 214

SSOUIPH JXIOPINOYUS

oTbuTts ® 3T19q deq juTeilsay Auumdg

uo-peay oThuy oedut
ydu g°*6S peads 3oedul

(UOT3ejuUSUMIISUT 3 Auuma/m)
*SqT 009¥% IUbBTOM STOTUSA
26pod 996T STPTYSA
89-5¢-6 a3%d
b1z *ON 359

Impact + 0.08 Sec.

I+ 0.93 Sec.

=Nl.m
:ml.mH
=Nl_m

5,0 01
8,0 91
0S91

uC= 191

DSTY JIBRTNOTUDA UMUWTXER
UOT}eIIBUSDd JILTNOTUSA WNWIXECH

9SON Jaofated JO juaweoeTdsTg jusUrWISI

(s 0% 3Is°YbTH)
UOTleI8Too9( sbeaaay 9TOTYUSA
UOTiedaTada(d Mesd m,mU,.nﬂmb
saqn, ae3jey JFO °ON
yadsag xotxreg

I + 1.45 Sec.

I + 3.66 Sec.

www . fastio.com

ClibPDF -



http://www.fastio.com/

Exhibit 6

NO. 214

BARRIER AND VEHICLE DAMAGE
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Exhibit 7

No. 212
2-1/4" Permanent Deformation

No, 213
2-1/2" Permanent Leformation

No. 214
3-3/4" Permanent Deformation

DEFORMATION OF STEERING WHEEL
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